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Abstract 
For past several decades, research efforts in population modelling has proven its efficacy in 
understanding the basic information about residential and commercial areas, as well as for the 
purposes of planning, development and improvement of the community as an eco-system. 
More or less, such efforts assume static nature of population distribution, in turn limited by 
the current ability to capture the dynamics of population change at a finer resolution of space 
and time. Fast forward today, more and more people are becoming mobile, traveling across 
borders impacting the nuts and bolts of our urban fabric. Unfortunately, our current efforts 
are being surpassed by the need to capture such transient population. It is becoming 
imperative to identify and define them, as well as measure their dynamics and 
interconnectedness. In this work, we intend to research urban population mobility patterns, 
gauge their transient nature, and extend our knowledge of their visited locations. We plan to 
achieve this by designing and developing novel methods and using VGI data that models and 
characterizes transient population dynamics. 
1. Introduction 
Over the last decade, worldwide percentages of transient population i.e. population on-the-
move have grown linearly, on account of socio-economic development and rising global 
conflicts (Worldbank 2016). Characterizing such movement patterns are vital to understand 
the dynamics of an urban system. Beyond that, privacy-preserved and discrete insight into the 
diurnal activities of people, where they are, where they go, and how much time they spent at 
certain locations is vital for first responders in times of emergencies, and for urban planners 
to develop robust future cities. Traditionally, approaches involved in curating such 
information have heavily relied on census data, surveys, and simulations models. While they 
provide an excellent source of baseline statistics - for logistical purposes, they rarely collect 
the spatio-temporal distribution relating to the dynamics of population movements. 
Furthermore, they omit non-residential locations, such as business districts, parks, and 
museums. Social media(Hawelka et al. 2014; Frias-Martinez et al. 2012), cellular data(Di 
Lorenzo & Calabrese 2011; Calabrese et al. 2010; Calabrese et al. 2011; Calabrese et al. 
2013; Isaacman et al. 2012) have proved their efficacies in representing global patterns of 
human mobility. However, much of the current research has not focused on curating 
dynamics of population. This work attempts to provide a set of guidelines that help infer the 
rise of transitivity patterns and generate population numbers. In this work, first we propose 
Transient Population Dynamics Model that attempts to explain the mobility patterns of active 
population. In addition, it provides approaches to identify and estimate transient population 
and aid in discovering new locations and the duration of their visits. Second, we utilize this 
model in estimating the transient population across Australia and compare the differences 
against respective census data. Also, we intend to discover frequently visited locations in 
outback and metropolitan areas. We believe this work will generate enthusiasm among 
researchers and make a case for the importance of curating transient population. 
4. Model for Transient Population  
The Transient Population Model (TPM) attempts to provide insight into the dynamics of an 
urban system by estimating population mobility and activities governing them. The purpose 
of the model is to - i) Identify transient population; ii) Estimate transient population; iii) 
Discover locations (facilities) containing transient population; and iv) Estimate duration of 
transient activity. For a given geographical region with population N= {1,2,3…,n}, we define 
the subset of this population Ñ={1,2,3,…,ñ} as transient; total active = !, such that N≥ Ñ, 
moving among a set of locations L={1,2,3…,l} (total of " locations) in that region at any 
given time. An individual Ñ$ is associated with its base location(e.g. home) is transient, if 
moving from location lj à lk or already moved to a new location lk.       
4.1 Identify transient population: 
The transient population is identified based on the movement patterns between a pair of 
locations or while away from their base location. Thus, person Ñ$ is transient when,  
 %(Ñ$) → 1; 																												,-	./	à	.0	1; 			,-	Ñ$	,1	23	.4523,46	.0		0; 																										43ℎ9:;,19  
( 1) 
Where T(.) is the transient function, representing the movement of Ñ$. 
4.2 Estimate transient population 
The aggregation of movements of individual Ñ$ over an observed time provides the estimate 
of its mobility patterns in the given geographical region. The total number of movement 
patterns of Ñ$ over a time interval 3 is given by, < Ñ$ = 	> (Ñ$)?@AB	à	ACDEFG;/,0FI;/J0  
( 2) 
for M is the movement pattern profile for Ñ$ and is > constant to reduce ping-pong effect 
(micro and short-term mobility)(Chiou 2007). Thus, cumulative transient estimates (W) can 
be calculated as the agglomeration of all Ñ$ over the time 3. K(< Ñ$ ) = > (Ñ$)?@AB	à	ACDEFG;/,0FI;/J0
L	
$  
( 3) 
4.3 Discover locations containing transient population 
Here we discover a set of destination locations where transient population appears over time 
(exclude base/home location of the population). The motivation to identify such locations 
provide an insight into the activity patterns, which are otherwise not captured through census 
survey. In order to differentiate from the base location, we make an explicit assumption that 
transient location is characterized by a greater number of unique visitors. The agglomeration 
(Q) of transient population for a location .0 M .0 = (Ñ$)?@AB	à	ACL,N	$FG;/FG,/J0  
( 4) 
4.4 Estimate duration of transient activity 
The duration of transient activity is the sum of the time duration of movement of individuals 
in transient. For simplicity, we aggregate the total amount of time individuals’ movements  Θ(Ñ) = (Ñ$)?@AB	à	ACD;/,0FI;/J0?	  
( 5) 
5. Results and Analysis 
We used the proposed model and data from several social media sources to estimate transient 
population and discover locations (facilities) in Australia.  
We compare our aggregate results with the census of Australia in Figure 1. In (b) we have 
circled out regions containing transient population, that is missing in the census map. This 
approach can be very helpful in uncovering regions which are otherwise not represented 
using traditional techniques (e.g. census and surveys).    
 
Figure 2: Transient locations discovered in Australia. 
We explore each of these regions to generate a high resolution dataset of locations and 
population. In Figure 2, we show a list of locations  and their frequency in Australia, which 
are mostly commercial and have people actively visiting them. In all, we have discovered 
more than 100k unique facilities in Australia and clustered them in 50+ categories.  
0
10000
20000
30000
Ae
ros
pac
e_D
efe
nse
Air
por
t
Art
s_E
nte
rta
inm
ent
_N
igh
tlife
Att
rac
tion
s_T
hin
gs 
to D
o
Au
tom
obi
les
 an
d P
art
s
Au
tom
otiv
e
Ba
nk_
Fin
anc
ial 
Ins
titu
tion
Ba
nk_
Fin
anc
ial 
Se
rvic
es Ba
r
Bio
tec
hno
log
y
Bo
ok 
Sto
re
Bu
sin
ess
 Se
rvic
es
Ch
em
ica
ls
Ch
urc
h_R
elig
iou
s O
rga
niz
atio
n
Clu
b
Co
mm
uni
ty O
rga
niz
atio
n
Co
mm
uni
ty_
Go
ver
nm
ent
Co
mp
any
Co
mp
ute
rs_
Tec
hno
log
y
Co
nce
rt V
enu
e
Co
nsu
ltin
g_B
usi
nes
s S
erv
ice
s
Do
cto
r
Ed
uca
tion
Ele
me
nta
ry 
Sc
hoo
l
En
erg
y_U
tilit
y
En
gin
eer
ing
_C
ons
tru
ctio
n
Ev
ent
Ev
ent
 Pl
ann
ing
_E
ven
t S
erv
ice
s
Far
min
g_A
gric
ultu
re
Fo
od_
Be
ver
age
s
Fo
od_
Gro
cer
y
Ge
ogr
aph
ica
l fe
atu
re
Go
ver
nm
ent
 Or
gan
iza
tion
He
alth
_B
eau
ty
He
alth
_M
edi
cal
_P
har
ma
ceu
tica
ls
He
alth
_M
edi
cal
_P
har
ma
cy
Ho
me
 Im
pro
vem
ent
Ho
spi
tal_
Cli
nicHo
tel
Ind
ust
rial
s
Ins
ura
nce
 Co
mp
any
Inte
rne
t_S
oftw
are
Isla
ndLak
e
Lan
dm
ark
Law
yer
Leg
al_
Law
Lib
rar
y
Me
dia
_N
ew
s_P
ubl
ish
ing
Mid
dle
 Sc
hoo
l
Min
ing
_M
ate
rial
s
Mo
unt
ain
Mo
vie
 Th
eat
er
Mu
seu
m_
Art
 Ga
ller
y
Ne
igh
bor
hoo
d
No
n−
Go
ver
nm
ent
al O
rga
niz
atio
n (
NG
O)
No
n−
Pro
fit O
rga
niz
atio
n
Org
ani
zat
ion
Ou
tdo
or 
Ge
ar_
Sp
ort
ing
 Go
ods
Pa
tio_
Ga
rde
n
Pe
rfo
rm
anc
e A
rt
Pe
t S
erv
ice
s
Ph
one
_Ta
ble
t
Po
litic
al O
rga
niz
atio
n
Pro
fes
sio
nal
 Se
rvic
es
Pu
blic
 Pl
ace
s
Pu
blis
her
Ra
dio
 St
atio
n
Re
al E
sta
te
Re
cor
d L
abe
l
Re
sta
ura
nt_
Ca
fe
Re
tail
 an
d C
ons
um
er 
Me
rch
and
iseRiv
er
Sc
hoo
l
Sh
opp
ing
_R
eta
il
Sm
all 
Bu
sin
ess
Sp
as_
Be
aut
y_P
ers
ona
l C
are
Sp
ort
s E
ven
t
Sp
ort
s V
enu
e
Sp
ort
s_R
ecr
eat
ion
_A
ctiv
itie
s
Sta
te_
Pro
vin
ce_
Re
gio
n
Stu
dio
Tea
che
r
Tou
rs_
Sig
hts
eei
ng
Tra
nsi
t S
top
Tra
nsp
ort
_F
reig
ht
Tra
nsp
ort
atio
n
Tra
vel
_Le
isu
re
TV
 Ne
two
rk
Un
ive
rsit
y
Wa
ter
fall
Facility
Co
un
t
Australia: Facility Counts & Percentages
0.0
2.5
5.0
7.5
Pe
rc
en
t
Figure 1: Comparing the Census (a) vs. transient population (b) in Australia 
 
Figure 3: Transient population in Australia. 
Figure 3 shows locations and approximate number of people for Australia. ‘Restaurants’, 
‘Market Places’, and ‘Pubs’ have recorded the highest number of active population visits 
during the observed time period. Thus the proposed work also provides insights into ranking 
location types based on transient population.  
6. Conclusion 
This research provided an insight into the nature of transient population – their dynamics, 
mobility patterns, and discovering locations where such population might trend. In addition, 
we proposed a model to discover and quantify population’s structure and emergence. We 
used VGI data from several social media sources to demonstrate our approach for studying 
transient population and emerging locations in Australia. In future, we would like to expand 
on this idea, by first improving the temporal signatures at even finer resolution (of day and 
hours), and second, to capture seasonal variations appearing over the years. We hope our 
work will provide a more realistic and accurate approach for generating population signatures 
and to aid in the analysis, simulation, and design of future urban systems.   
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